Previous work has shown fitness differences among chromosomal arrangements by means of selection component analysis in two Drosophila buzzatii natural populations, one of which is native to Argentina and the other a colonized population from Carboneras, Spain. Founder effects or niche shifts were proposed to explain the differences observed in the pattern of pleiotropic effects of inversions on fitness components. In this paper, we address the possible role of niche shifts by determining whether differential attraction to, oviposition on, or utilization of the rotting cladodes of two different Opuntia species (0. quimilo and 0. ficus-indica) occurred among individuals carrying different second chromosome karyotypes in a natural Argentinian population. Through the analysis of more than 2500 individuals comprising five different life cycle stages associated with the necroses of these two cactus species, we found that the distributions of inversion frequencies in samples of adult flies, third instar larvae and emerging adults collected on both Opuntia species were not significantly different. Likewise, no evidence of differential oviposition was observed. These findings suggest that niche shifts cannot, solely, account for the changes observed in the Carboneras population. In addition, the selection component analysis did not reveal any significant relationship between chromosomal arrangements and the fitness components tested. These results suggest either that fitness differences might be too small to be detected or that the assumptions of the model concerning the mode of selection may not be tenable in the studied population.
Introduction
Drosophila buzzatii is a cactophilic species of the repleta group that breeds on the decaying cladodes of Opuntia cacti and in the rotting stems of a few columnar cactus species in Argentina (Hasson et al., 1992b) . It has recently colonized passively the Old World and Australia Fontdevila, 1989) . In these areas, several studies have characterized the yeast community present in the necrotic cacti (Barker et al., 1984; Pens, 1991) . Likewise, there exists a good description of its chromosomal *Correspondence 1996 The Genetical Society of Great Britain. 500 habitat selection, inversion polymorphism, polymorphism in native (Fontdevila et al., 1982; Fontdevila, 1989 Fontdevila, , 1991 and colonized areas (Fontdevila et al., 1981; Knibb & Barker, 1988) and of allozymic variation as well Sanchez, 1986) .
Two papers have demonstrated a consistent relationship between the inversion polymorphism of D.
buzzatii and several fitness components in two natural populations, one from Spain (Carboneras), in which the host plant is Opuntia ficus-indica (Ruiz et al., 1986 ) and the other from Argentina (Arroyo Escobar) where rotting cladodes of 0. vulgaris are the breeding sites . Based on the sharing of rare electrophoretic alleles as well as rare inversions, Fontdevila (1989) suggested that a population similar to Arroyo Escobar may be one of the original colonizing populations of some Spanish localities such as Carboneras. Those two studies revealed that: (a) the chromosomal arrangements present in both populations were the same, yet their frequencies were very different and (b) the patterns of the pleiotropic effects of inversions on fitness components were also different (Fontdevila, 1989;  Hasson et a!., 1991).
Two alternative, but nonmutually exclusive explanations can account for the repatterning of the fitness effects of inversions: (a) adaptation to a new host plant and/or (b) founder events during colonization.
In regard to the first explanation, differences among hosts may occur at two different but interacting levels. First, in the rotting tissues (hereafter called rots'), the microflora involved in the decay process provides trophic resources to the growing larvae and to adult flies. Recent studies have shown that yeast diversity and yeast species composition vary greatly among rots of different cactus species (Starmer et a!., 1990) . Barker et a!. (1984) and Pens (1991) have also observed differences in yeast diversity among and within Opuntia species, both spatially (Barker et a!., 1983 (Barker et a!., , 1987 Starmer & Phaff, 1983; Pens, 1991) and temporally (Pens, 1991) . Secondly, cactus species may also differ in their chemical composition as shown by Kircher (1982) in the Sonoran desert, and, in turn, these differences may influence the microflora associated with their necroses. Finally, the interaction between yeast communities and cactus tissues may yield distinct volatile compounds which are used by the flies as clues for locating a suitable breeding site (Fogleman, 1982; Fogleman & Abnil, 1990) .
The objective of the present paper is to determine whether two different host plants may be perceived as different patches of an heterogeneous environment by D. buzzatii flies carrying different chromosomal arrangements. The present study was performed in the locality of Termas de Rio Hondo where D. buzzatii breeds and feeds on the rotting cladodes of the endemic 0. quimilo and the introduced and semicultivated 0. ficus-indica. The specific questions addressed are: (a) are flies bearing distinct karyotypes differentially attracted to the rotting cladodes of two Opuntia species?, (b) are fitness differences between flies carrying different inversions constant across host species? and (c) are the effects of inversions on fitness similar to those described by Ruiz et al. (1986) or Hasson et al. (1991) ?
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Materials and methods
The present study was conducted in an area between 10 and 15 km east of Termas de Rio Hondo city (Santiago del Estero Province, Argentina) . This area belongs to the Western Chaco district of the Chaco Phytogeographic Dominion (Cabrera, 1976) .
The study site is regularly occupied by three endemic cactus species: Opuntia quimilo and the columnars Stetsonia coiynne and Cereus validus. 0. ficus-indica is also present but confined to several plantations. 0. quimilo and 0. ficus-indica rotting pads were the only feeding and breeding resource during the experiment (October, 1989) . Rotting stems of the columnar cacti were not found during our survey. The eggs-2 samples were obtained by placing groups of 150 females in egg-collecting chambers. Eggs were collected during three consecutive days; on days 1 and 2, three fresh vials, and on day 3 one fresh vial containing 18-20 mL of culture medium were seeded with 80 eggs (optimal density) collected from the chambers. Two replicate chambers were set up for 0. quimilo females and only one for 0. ficusindica. The salivary glands of 15 larvae from each vial were analysed cytologically. The rationale of these samples was to test the hypothesis of preferential oviposition through the comparison of inversion frequencies between the populations of eggs entering the rots of both Opuntia species.
Rotting cladodes of 0. quimilo and 0. ficus-indica were collected to obtain the second and third types of samples (see above). The third instar larvae (TIL) were sampled directly from the fermenting tissues of 18 0. quimito and 11 0. ficus-indica rots, and a second set of rots of both species (13 of 0. quimilo and 10 of 0. ficus-indica) was employed to obtain samples of immature adults (IA). During 15 days after collection, the adults emerging from each rot were aspirated daily. Flies were sexed and random pairs from each rot (270 for 0. quimilo and 230 for 0. ficus-indica) were placed individually in vials.
Inversion frequencies were estimated from the analysis of one progeny larva from each cross.
If the effects of inversions on larval viability are different in the two Opuntia hosts, the estimated frequency distributions should differ between TIL samples. A similar comparison between the IA samples provides information on differential pupal viability in the two resources.
Selection component analysis
The experimental protocol employed allows the determination of whether fitness differences exist between gene arrangements for several selection components, and also whether these differences are constant across host plants. This procedure, known as selection component analysis (SCA) involves comparisons of inversion frequencies between consecutive life cycle stages Ruiz et al., 1986) . The fitness components studied through this approach were thoroughly described in Ruiz et al. (1986) .
Briefly, this method allows the analysis of each of five fitness components by comparing the arrangement frequencies between two consecutive life cycle stages: (1) virility, MM vs. eggs-i samples; (2) fecundity, eggs-i vs. eggs-2; (3) larval viability, eggs-2 vs. TIL; (4) pupal viability, TIL vs. IA and (5) Rearing and cytological methods A modified formula of David's (1962) killed yeast medium was employed during the experiment. In all cases, flies were transferred to fresh medium after 48 h to avoid crowding. Slides of polytene chromosomes were obtained according to Fontdevila et al. (1981) .
Statistical methods
Two kinds of pairwise comparisons between samples were performed: (i) across Opuntia species for the same life cycle stage and (2) between consecutive stages. In most cases pairwise comparisons were performed by means of contingency tests. However, it should be noted that the inversion frequencies estimated for both the third instar larvae and immature adult samples are actually an average across rots; therefore, it is necessary to consider the among-rots (within species) component of variation. Thus, one-way ANOVAS with Opuntia species as the main effect provide a better test for the significance of the differences of arrangement frequencies between the TIL and IA samples obtained from 0.
quimilo and 0. ficus-indica. Prior to the ANOVA and because of the differences in sample sizes among rots, inversion frequencies were transformed according to Christiansen et al. (1976) :
where p, is the frequency of a certain arrangement in rot i, p° is the mean frequency across rots of the same species and N is the sample size for each rot.
Results

Comparison of inversion frequencies between samples across rot species
Absolute karyotypic frequencies in the samples of TIL and IA collected on 0. quimilo and 0. ficusindica rots are shown in Tables i and 2 , respectively.
Total absolute karyotypic frequencies for third instar larvae and immature adults (summed across rots within Opuntia species) are shown in Table 3, along with eggs-i and eggs-2 samples.
All samples were polymorphic for three second chromosome arrangements: st, j and jz3 and monomorphic for the rest of the chromosomes. Inversion frequencies do not differ significantly from those of recent collections (unpublished results) and from neighbouring populations (San Lorenzo in Fontdevila et at., i982 and Santiago del Estero in Barker et The Genetical Society of Great Britain, Heredity, 77, 500-508. at., 1985) which also belong to the Western Chaco phytogeographic province .
None of the x2 values for goodness of fit to
Hardy-Weinberg expectations was statistically significant at the 0.05 level ( Table 3 ), suggesting that the population is mating at random. Inversion frequencies for all samples are presented in Table 4 . The comparisons between samples of the same life cycle stage across Opuntia hosts by means of contingency tests showed that inversion frequencies were not significantly different (eggs-i:
The Genetical Society of Great Britain, Heredity, 77, 500-508. The data from the substrates were not grouped because inversion frequencies were shown to be heterogeneous among rots of 0. quimilo for the TIL sample (X5 = 61.8, P<104), marginally heterogeneous for the sample of larvae obtained from 0. ficus-indica (x = 14.38, P = 0.10) and the 0. quimilo IA sample (X2 = 17.29, P = 0.14), but nonsignificant for the IA emerged from 0. ficus-indica (x = 4.47, P = 0.88).
The analysis of population structure by means of F-statistics (Weir, 1990) for the samples of TIL revealed two contrasting patterns. On one hand, the estimated values of F1 and FIT for the 0. quimilo and 0. ficus-indica samples were not significant (see jackknife estimates and standard deviations in Table   5 ) suggesting that genotypic frequencies do not The x2 goodness of fit to Hardy-Weinberg expectations is shown in the last row (degrees of freedom = 3 in all cases). N, number of individuals analysed. depart from expectations either in individual rots or in the total population. On the other hand, the estimated F1s for both samples of larvae were significantly different from zero as suggested by the jackknife estimates over subpopulations (Table 5) . These results suggest that inversion frequencies are heterogeneous among rots within cactus species.
However, when FST values were compared according o the resampling method proposed by Van Dongen (1995) it was observed that after 1000 bootstrap resamples FST for the 0. quimilo sample was highly significant (P = 0.001) and that differentiation among 0. ficus-indica rots was nonsignificant (P 0.36) , the difference between both estimates being significantly different from zero (P = 0.021).
The estimated FSTS for individual arrangements were compared within each cactus species by the same resampling methods. The most extreme values in 0.
ficus-indica (difference = 0.0126, P 0.37) and 0.
quimilo (difference = 0.01, P = 0.30) were not significantly different from each other.
Thus, taking into account these patterns of among-rot differentiation, the comparisons of inversion frequencies between the TIL and IA samples across cactus species were performed by means of ANOVAS. Inversion frequencies proved to be more Table 5 Analysis of population genetic structure by means of F-statistics (according to Weir, 1990) 
Discussion
The present results indicate that there are no significant differences among second chromosome karyotypes of D. buzzatii with regard to: (a) differential attraction, (b) female ovipositing behaviour and (c) differential performance, in relation to the utilization of the rotting cladodes of 0. quimilo and 0.
ficus-indica. The first stage of the host selection process, movement to and settling at a potential breeding site (settling behaviour, Jaenike, 1990) , was analysed through the comparison between adult flies attracted
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to the rots of 0. quimilo and 0. ficus-indica. As adult flies attracted to both Opuntia species did not differ in their inversion frequencies, it can be argued that second chromosome arrangements do not show differential attraction to potential breeding sites.
However, because inversion frequencies in the eggs-1 samples are an average across sexes, the validity of this comparison rests on the assumption that the behavioural response to the hosts is identical in both sexes. The close fit to Hardy-Weinberg expectations suggests not only that chromosomal frequencies are similar in both sexes but also that the population is mating at random, as reported for other populations (Rodriguez et a!., 1992; Barbadilla et a!., 1994) .
With regard to oviposition, inversion frequencies in the eggs-2 samples were not significantly different suggesting that females carrying different karyotypes oviposit irrespective of the Opuntia species where they were collected. However, this result must be taken with caution because both egg samples were obtained using the same stimulant for oviposition. In addition, we have to accept that female oviposition behaviour in the egg collecting chambers is the same as in nature and that no selection has occurred in the vials where larvae developed. Concerning the first point, inversion frequencies in samples of adults collected on 0. vulgaris and fermented banana baits were not significantly different in the population of Arroyo Escobar (Rodriguez et al., 1992) . Likewise, larval viability was high (more than 90 per cent) in the vials where larvae were reared. The analysis of population structure showed that among-rot differentiation was significant only for the 0. quimilo sample. One possible explanation for these contrasting patterns may be selective differentiation among 0. quimilo breeding sites, as previously observed in a D. buzzatii Spanish population living on 0. ficus-indica (Santos et al., 1989; Santos, 1994) . However, under this hypothesis, it might be expected that individual FST estimates for each arrangement would be different, which is not the case, either in 0. quimilo or in 0. Jicus-indica, suggesting random differentiation as the most plausible explanation.
The analysis of yeast species and their relative abundance in a sample of the rots showed that Pichia cactophila and Candida sonorensis were the most abundant and, although heterogeneity among rots within species was high, the difference between species was not significant (F. Pens, personal communication). Pichia cactophila is not only the most preferred species for feeding and oviposition by D. buzzatii in Australian populations (Vacek, 1982; Vacek et at., 1985) , but it was also shown that larvae feed preferentially on this species, and that this preference is independent of the inversion karyotype (Pens et at., 1991) . This evidence provides the ecological support to our conclusion that the rots of 0. ficus-indica and 0. quimito are not perceived as different patches of an heterogeneous environment by D. buzzatii flies carrying different second chromosome karyotypes.
The SCA performed in Termas de Rio Hondo did not show any significant relationship between second chromosome arrangements and the fitness components tested, a result that is in contrast with previous studies (Ruiz et a!., 1986; .
SCA, which is among the most sensitive methods for the detection of natural selection, has its weakest statistical power near the values predicted by the null hypothesis, i.e. absence of selection (Endler, 1986, p. 99) . However, in our previous study in Arroyo Escobar, in which our sample sizes were similar to the present, it was shown that this method is sensitive enough .
Another possible explanation for the lack of detection might be related to the assumptions on the mode of selection (Endler, 1986) . The SCA devised by Ruiz et al. (1986) Correspondingly, if some form of frequencydependent selection is acting, and the population is at or near equilibrium, selection will only be detected when the population is disturbed away from equilibrium. The origins of the populations studied in Ruiz et al. (1986) and in are recent. The Spanish population could be no more than 200 years old (Fontdevila et at., 1981) , and in Arroyo Escobar , the host population of 0. vutgaris grows on both sides of a railway which is not older than 100 years. Therefore it can be argued that the associations between fitness components and inversions observed by Ruiz et at. (1986) and could be the result of perturbations that took the populations away from equilibrium.
Differences in resource utilization among populations were suggested as one possible explanation for the pattern of geographical differentiation in the inversion polymorphism of D. buzzatii . However, the present results suggest that shifts from one Opuntia species to another cannot, solely, account for the genetic changes observed and founder effects, alone, and/or drift-selection interaction may have been the main forces driving divergence. Fontdevila (1989) argued that the observed loss of low frequency arrangements and allozymic alleles could be interpreted as evidence of founder effects during the colonization of the Old World by D. buzzatii. Nonetheless, it is not clear how the reorganization of the fitness effects of inversions can take place after a founder event (Fontdevila, 1989) .
In theory, chance alterations of the frequency of coadapted gene complexes are subjected to natural selection leading to a fitness reweighting of the pleiotropic antagonistic effects (Carson & Temple- The Genetica] Society of Great Britain, Heredity, 77, 500-508. ton, 1984) . In fact, there is some experimental evidence for the effect of founder events on the additive genetic covariance structure for polygenic traits in bottleneck populations of the house fly (Bryant, 1989) .
Research work in D. buzzatii has shown a significant relationship between the inversion polymorphism and body size Hasson et at., 1992a) and other morphometric traits (Norry et at., 1995) . The analysis of these traits in original and colonized populations may provide the genetic framework to test the hypothesis of a genetic reorganization after the founder event.
